EPA Tools and Resources Webinar:
Nutrient Management in Coastal
Communities

Tim Gleason

National Health and Environmental Effects Research Laboratory
US EPA Office of Research and Development

May 22, 2019

_ Office of Research and Development



<ZEPA EXxcess nitrogen impairs estuaries
and other aquatic systems

Environmental Protection
Agency

The Problem

Communities struggle to implement nitrogen (N) remediation programs:
A Nitrogenreduction efficiencies of many interventions remain uncertain
A Costs of the interventions are difficult to identify and compare
A Additional social barriers to acceptance are unrecognized
A Benefits of remediating N are not being highlighted



SEPA Problem & Context
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ACoastal nitrogen pollution

¢ Leads to eutrophication
¢ Affects ecosystem service delivery & local economies
¢ Sources are human & natural

A34 watersheds on Cape Cod have Total Maximum Daily Loads (TMDL) for
nitrogen

¢ Driven by nonpoint sources (e.g., septic systems)
¢ Sewering a prohibitively expensive (8B) & lagged solution ,
¢ Towns responsible for developing plans (w/state approval) to meet TM

AOther regions face similar problems




S EPA Presentation Outline
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ASeptic Sensor Challenge

ANitrogen research on Cape Cod




SEPA Septic Sensor Challenge 2016
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AGoal: To incentivize the development and marketing of adost N sensor for septic
systems.

ASuffolk County Long Island

¢ 360,000 conventional septic systems and cesspools
¢ >200,000 of these systems are in nitrogen sensitive areas & need replacement

ACurrent cost of monitoring in MA for permitting

¢ $300 to sample one G8ite Wastewater Treatment System (OWTS) & run lab tests
¢ $4,500 to monitor one OWTS for 4.5 years, for the 50 systems = $155,250



<EPA Benefits of Sensor Development

Environmental Protection
Agency

State & County Regulators

AAssurance of longerm system
functionality (improved

evidence to recommend them)

AReduce cost of data collection

AMinimization of human errors
& time delays

Almproved standardization of
methods & limits of detection

Industry

ABrand new market segment
for the sensor, sensor
maintenance, and data
collection/analysis

Almportant Innovative and
Alternative (I/A) OWTS
verification device, which
could streamline the
permitting process & thereby
reduce field testing costs for
manufacturers

Homeowners

AAssurance that I/A OWTS
Investment performs as
advertised

AFacilitates routine
maintenance to protect
system longevity



A%

\ Y 4

EPA

United States
Environmental Protection
Agency

CT, MA, ME, NH, VT, R
NJ, NY & Suffolk Count
OWTS Regulators

Qf

Stony Brook
University

Center for Clean Water Technology

TheNature

Cons

BiLLeM!
AT

(IATES feundation

Partners

&

ervancy

COMMISSION

KOHLER.

Caltech
*AMBRIAN

NNOVATION

LINDA

CAPE COD K

N>
o S

» STATE
1 W ONSITE
REGULATORS
ALLIANCE

Standards
Coordination
Office

National Institute of Standards
and Technology




ZEPA
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Parameter

Installation Price

Data Management

Applicability & Accessibility
Frequency of Sensor System
Maintenance

Accuracy

Precision

Range

Sensor Operating Temperature
Range

Deployment

System Lifetime

Proposed Sensor Design Specifications

What is being measured

Price to the homeowner to install

Ability to record and transmit data
(i.e., telemetry) for real-time
access by practitioners,
regulators, and interested
stakeholders

Applicability of sensor(s) to
various innovative/alternative
system designs and ease of
access to OWTS for installation
and maintenance

How often the sensor(s) need to
be maintained

Accuracy of sensor
measurements to the true
measurement

Repeatability of sensor
measurements

Range of the detection

Temperature range in which the
sensor can operate

Period of deployment

Expected life of sensor

Minimum

NO, NH,*

$1,500

Record and automatically transmit
data to designated server or cloud

Located in-situ to provide
performance information on the
OWTS; must be accessible for
maintenance

No more than quarterly

Within 20% of true value

030% F
2-60 mg N/L

4°Cto35°C
Continuous

5 years

Almost Ideal

NO;, NH,*, TOC

$1,250

Record and automatically transmit
data to designated server or cloud

Located in-situ to provide
performance information on the
OWTS; must be accessible for
maintenance

No more than semi-annually

Within 20% of true value

0 2-80% RSD
2-60 mg N/L
2-60 mg/L TOC
4°Cto35°C

Continuous

5to 10 years

Ideal

Total nitrogen (TN)

$1,000

Record and automatically transmit
data to designated server or cloud

Located in-situ to provide
performance information on the
OWTS; must be accessible for
maintenance

No more than annually

Within 20% of true value

020%
2-60 mg N/L

4°Cto35°C
Continuous

10 years



ZEPA

United States
Environmental Protection
Agency

NO3
NH4

TN

Advanced Septic System Nitrogen Sensor
Challenge Phase I: 2017

APartners: United States Geological Society (USGS) & The Nature
Conservancy

AChallenge

¢ Submitters encouraged to propose creative solutions toward meeting sensor design
specifications
¢ Written submissions

AExpert panel selected winners

¢ 1stplace: $20K Dr. Baikun Li & Dr. Yu Lei, UConn
¢ 2"dplace: $15K Jason Khoo, Stanford University
¢ 3" place: $10K; William PowersPixControlley Inc.

¢ 4 honorable mentions: $2,500 each

AWinners were announced at Sensor Showcase Day on 6/29/17
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Phase Il, 20121 Testing Schedule

Al week screening test: 8/228/19

ABYy invitation only, one month test: December 2019

ABYy invitation only, 6 month field verification test: May
2019¢November 2020*

AAwards:ISO ETV 14034 verification repor@®/2021**

AProposed The Nature Conservancy order for 200
sensors: Spring 2021

http://www.verifiglobal.com/en/
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<EPA Nitrogen Research on Cape Cod

SEWERING Qw
THE COST

—

TECHNOLOGIES MATRIX EXPLORE

Instructions: Select a category to fiter the technologies. Drag treatments to the Compare box to compare technologies. Click on & technology to see detsils.

Site Neighborhood Watershed Cape-Wide

Drag treatments to compare.

$4.6-6.2

B ' LLI O N '] Hydroponic Treatment % Toilets: Composting 9 Toilets: Incinerating

\ | Tolets: Packsging \ | Toilets: Urine Diverting = T Fettilizer Management
2. | Remediation of Existing 4. 1 Compact and Open Space < VTransfer of Development
£ | Development 2 | Development Rights
} = ¥ Title § Septic System 5 ¥ innovative/Altemative (I/A) Innovative/Atternative (If/A}
Reduction ¥ | Replacement (Base Line 1A | cystems 1 | Enhanced Systems
Condition)
Trestment before vz 1 Cluster Treatment System - v 1 Cluster Treatment System -
disposal o ground Single-stage Two-stage
= | Conventional Treatment = VAdvanced Treatment <5 ) Satellita Treatment

< | Satellite Treatment -
=~ j Enhanced

w | Constucted Wetlands - 4 | Consiructed Wetlands - 4 | Constructed Wetlands -
Surface Flow Subsurface Flow Groundwater Treatment
Phytoirigstion ¢ ' Stormwater BMP Phytobuffers # | Stormwater BMP - Vegetated

L L Swale

& | Stormwater BMP - Gravel - Stormwater. Bioretention / ¥, | Stormwater. Constructed

b We tiand Soi Medis Filters . Wetlands
Phytoremediation . | Permesble Reactive Barrers a mmeable Reactive Bamiers

Remediation _ AR et Sme A b
Meth od(Aquifer Thickness - Method (Aquifer Thickness -

Treatment in 30 feet) 30 feet)

groundwster - . -
Pemeable Reactive Barriers sy | Pemmeable Reactive Barriers v Y Fertigation Wells - Turf
{PRE') - Injection Well (PRBs) - Injection Well
Meth od{Aquifer Thickness - Method(Aquifer Thickness -
45 feet) . Y Fettigation Wells - Granberry

Bogs

s | Stormwater BMPs

q Agquaculture - Shellfish q Agquaculture - Shelfish Q Agusculiure - Mariculture
Cultivated In Estuary Bed Cuttivated Above Estuary Bed
= | Inlet/ Culvert Widening a Coastal Habitat Restoration - Floating Constructed
Wetlands




A%

A Y 4

EPA

United States
Environmental Protection

Agency

Evaluating Sociakcological Systems (SES)
for Adaptive Management

External Impacts
& Co-benefits

Sensitivity

Ecological Social
Impact Impact

Ecological System
Wa3sAg |e1dos

Sensitivity

<
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Policies and Interventions

External Impacts
& Co-benefits




VEPA Elements of SES Research

Unt dS to
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A Stakeholder engagement

A Experimentation: Impact of seawater intrusion on performance of alternative septic
system designs

A Evaluate living shorelines as mechanism to increase wetlands and remove nitroge

A Evaluate barriers and opportunities to using alternative technologies for nitrogen
removal

A Develop dynamic optimization of alternative technologies

A Conduct structured decision making to evaluate tradeoffs

A Support restoration of wetland systems to improve water quality and coastal resilie

A Explore recreation demand in total maximum daily load (TMBd)lated waters



< EPA Seawater Intrusion Experiment
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A Significant reductions in Nitrogen (N)

A Seawater addition did not appear to
greatly impact the N removal _
efficiency In N

Horlzontal Permeable
Reactive Barrier




SEPA Living Shorelines
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Goals

A Examine the potential for improving water quality and
facilitating nitrogen removal

A Stabilize the shorelingrevent further erosion

A Encourage the regrowth of salt marsh

CoBenefits
APromote healthier salt marsh habitat for native plants and

wildlife
AAssess the use of biodegradable materials for this particular
restoration design

Findings

ASome evidence of N removal (Denitrifying Enzyme Activity)
ASlows marsh erosion

ACoir log restoration would be more successful with oyster

castles or oyster reef balls in the foreground
15
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